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Programmed ventri:ular stimulation for induction of ventric- 
ular tach;rarrhythmia is used for the evaluation of patients 
-with suspected or documented life-threatening ventricular 
tachyarrhythmias and guidance of subsequent drug therapy 
to treat hese arrhythmias (L-9). Indications for programmed 
ventricular stimulal ‘on include syncope (IO- 15), sustained 
ventricular tachycardia (g), sudden cardiac death (9,617) 
and, less frequently, nonsustained ventricular tachycardia 
(H-23) and risk assessment after myocardial infarction 
(24-27). Patients undergoing studies are a heterogeneous 
group with a variety of cardiac disorders, including coronary 
artery disease, dilated cardiomyopathy, mitral valve pro- 
lapse, hypertrophic cardiomyopathy and congenital heart 
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disease (28-9). Selecting appro riate patients for pro- 
grammed ventrtcular stimulation can thus be dif?kult given 
the many possible modes of prese~~tio~ and heterogeneous 
underlying disease. 
Previous tudies have suggested that many clinical vari- 
ables have vahre for predicting the inducibility of sustained 
ve~tr~cuiar a~bythmias t pro~ammed ventricular stimula- 
tion. These include reduced left ventricular ejection fraction 
(33,34), myocardial infarction scar or aneurysm, or both 
(34) male gender (13,34,35), history of ventricular tachycar- 
dia (34), history of sudden cardiac death, intraventrlc 
conduction delay (34) and the signal-averaged electroci 
gram (KG) (18,26,33,36,37). 
The purpose of this study was 
clinical variables for 
ventricular rhythmias in a heterog 
believed to be at high risk for such 
went programmed ventricular stimulation. Variables were 
considered ina simulated cbro~ologic order to determine the 
incremental information added by the signal-averaged ECG 
and left ventricular ejection fraction. 
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Table I. Comparison f Patient Variables 
Group 1 Goup 2 
(n = 211) :e :- 75) p Value 
-.1 
Age (yr) 63 5 14 665 14 NS 
Male l§O (71%) 56 (75%) NS 
Female 61 (2%) 19 (25%) 
Major cardiac diagnosis 
CAD 134 (64%) 45 (60%) 
DCM 16 (8%) 9 (12%) NS 
MVP 21 (10%) I (1%) 
Other 13 (6%) 3 (11%) 
No structural disease 27 (13%) 12 (16%) 
History of VT 
None 52 (25%) 16 (21%) 
NSVT 84 (40%) 40 (53%) NS 
Sustained VT 75 (36%) 19 (25%) 
History of loss of consciousness 
None 56 (27%) 36 (48%) 
Syncope 112 (53%) 28 (37%) co.01 
SCD 43 (20%) I I (IS%) 
MI by history or KG 
None 85 (40%) 29 (36%) NS 
Yes 126 (60%) 46 (64%) 
IVCD 
None 124 (59%) 38 (51%) 
RBBB 12 (6%) 13 (17%) x0.02 
LBBB 25 (12%) 10 (13%) 
Nonspecific 50 (24%) I4 (1%) 
Signal-averaged ECG variables 
QRS duration (ms) 12; * 30 127 f 33 NS 
Ratio of filteredhnfiltered 1.09 * 0.12 1.08 + 0.1 t NS 
Duration of QRS C40 PV (ms) 30 * 16 31 z 19 NS 
RMS voltage of last 40 ms (pV) 52 * 47 47 2 37 NS 
Visible LP 
Not present 126 (60%) 49 (65%) NS 
Present 85 (40%) 26 (35%) 
LVBF (%) 445 I7 41 + 16 NS 
Aneurysm 
Not present 129 (61%) 59 (7%) co.01 
Present a2 (39%) 16 (21%) 
p values eO.05 were considered nonsignificant. CAD = coronary artery disease; DCM = dilated cardiomyopa- 
thy: ECG = electrocardiogram; IVCD = intraventricular conduction defect; LBBB = left bundle branch block; 
LP = late potentials; LVEF = left ventricular ejection fraction; MI = myocardial nfarction; MVP = mitral valve 
prolapse: NSVT = nonsustained ventricular tachycardia; RBBB = right bundle branch block; RMS = root-mean- 
square; SCD = sudden cardiac death; VT = ventri:ular tachycardia. 
Patients. All patients at our institution referred for either 
suspected ordocumented ventricular tachymhythmias un- 
dergoing baseline programmed ventricular stimulation study 
for the purpose of ventricular tachyarrhythmia induction 
during the 30 months between August 1, 1966 and January 
31, 1989 were included in the study. The selection criteria 
were consistent with the American College of Cardiology/ 
American Heart Association guidelines (38). No patient 
underwent the study as part of a prospective clinical inves- 
tigation or for routine risk stratification. Using a split sample 
method, two groups of patients were evaluated (Table 1). 
Group 1 consisted of all patients tudied during the 22 
months between August 1,1986 and May 31,1988. Group 1 
data were retrospectively obtained from chart review and 
used to develop the model. Group 2 consisted of all patients 
studied in the 8 months between June 1, 1988 and January 
31,1989. Group 2 data were prospectively obtained and used 
to test the model. The method is consistent with the stan- 
dards for clinical prediction rules as outlined by Wasson et 
al. (39). 
Clinical variables. Overview. Fourteen variables were 
evaluated ineach patient (Appendix 1). These included: five 
historical, one ECG, one combined historical and ECG, five 
signal-averaged ECG and two left ventricular wall motion 
analysis variables. Several variables had multiple possible 
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pse, other heart disease o
tricular conduction delay or no ~ntraventricular conduction 
This variable was a composite variable of both histor- 
and ECG data. The variable was “positive” if a patient 
had an XC-documented history of myocardial infarction ur 
wave myocardial infarction. Otherwise, the variable was 
gative.” An ECG that was indeterminate fora myocar- 
dial infarction (for example, left bundle branch block, iatra- 
ventricular conduction delay, ventricular paced rhythm) was 
read as negative. 
variables, A high resolution ECG 
ethnology) with high gain amplifi- 
Butterworth filters (25 to 250 Hz) 
was used for signal averaging. Approximately 200 sinus 
rhythm beats were amplified, filtered, digitally sampled and 
processed. A Hewlett-Packard 740714 X-4 plotter was used 
for data printouts. Signal averaging was performed in the 
absence of antiarrhythmic agents. Patients with bundle 
branch block were not excluded from the study. Pour 
quantitative variables and one qualitative variable were 
analyzed from the signal-averaged EC9 filtered QRS dura- 
tion, ratio of filtered/unfiltered QRS duration, duration oft 
terminal filtered QRS complex <40 pV, root-mean-square 
voltage of the terminal 40 ms of the filtered composite QRS 
complex and presence or absence of visible terminal late 
potentials. Quantitative criteria were calculated by the sig- 
nal-averaged KG computer and each signal-averaged ECC 
was reviewed in blinded manner for confirmation of the 
accuracy of the data. Visible terminal late potentials were 
defined as two or more distinct low amplitude spikes 
ed consent was obtained an 
late diastole after a
(usually 550 and 4 
extrastimuli occurred. Protocol end points were sustained 
ventricular tashycardia, ventricular fibrihation or protocol 
completion Although many of the patients in who 
alar tachycardia could not be induced with thi 
underwent ore aggressive protocols at high 
strength or at alternate ventricular sites, or both, 
results obtained with this protocol were used for 
A programmed ventricular stimulation result 
a “positive” event if sustained monomorphic ventricular 
tachycardia (43) was induced or if ventricular fibri 
induced in a patient with a history of sudden ca 
(44-46). All other programmed ventricular stimulation re- 
sults were termed “negative” events. 
nitions. Thz following definitions were used: Coro- 
nary artery disease = >50% reduction i  lumen diameter of
the left main coronary artery or a >70% reducti 
depressed left ventricular ejection 
ma1 coronary arteries at angiograph 
= characteristic crick-murmur s 
graphic diagnosis with normal left ventricular ejection frac- 
tion, or both. “Other” heart disease = structural h
disease other than coronary artery disease, dilated ca 
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myopathy or mitral valve prolapse; the category inclbdes 
vahlar disease, hypertrophic cardiomyopathy and right 
ventricular C; ,+ ” x+2. ~&ular &east? = hemodynamically 
significant stenosis or regurgitation, or both, of either the 
mitral or the aortic valve (other than mitral valve prolapse) 
without coronary artery disease. No sIvuctrtru! cmdm dk 
ease = no evident structural cardiac abnormality, usually 
after extensive cardiac evaluation: includes patients with 
conduction system disease but an otherwise normal heart. 
&fl ven~ric~l~v aneurysm = dyskinetic wall motion of a 
localized segment of the left ventricle. Syncope = IOSS 3f 
consciousness of uncertain etiology, with spontaneous re- 
covery not requiring cardioversion, S&&n car&c &ath = 
sudden loss of consciousness and pulse not associated (>7 
days) with acute myocardial infarction or cardiac surgery 
requiring external direct current cardioversion or defibrilla- 
tion for recovery. Nonsustained vrnfrichr Inchyrnrdia - 
3 consecutive ntricular beats with a duratian <30 s at a 
rate 2120 beatslmin recorded on inpatient telemetry moni- 
toring 3r Halter ambulatory EC6 study. Sltstair& vellric- 
ular tackycardin = monomorphic ventricular tachycardia 
with a cycle length ~500 and 2220 ms >30 s in duration or 
requiring intervention toterminate. Ventric~~lnrfihrillntion = 
rapid (cycle length ~220 ms) or polymorphous ventricular 
activity requiring defibrillation toterminate. 
Statistics. Both univariate and multivariate statistical 
analysis were performed, comparing the clinical character- 
istics of subjects with a positive programmed ventricular 
stimulation result with those who had a negative r sult. The 
strength ofassociation for each variable relative to outcome 
was assessed by univariate chi-square analysis for categoric 
variables or a two-sided I test for continuous variables. 
Variables were considered tobe significant predictors only if 
the p value associated with the univariate t st statistic was 
<0.05. To determine which of these significant univariate 
predictors provided prognostic nformation not provided by 
the others, a stepwise logistic regression analysis was per- 
formed (47). A new chi-square statistic based on a maximal 
likelihood function was computed for all variables. The 
sin&$ variable with the lowest p value based on this test 
statistic was entered into the model. The stepwise process 
was then repeated by using the remaining variables, termi- 
nating only when the predefined threshold for inclusion (p < 
0.059 was not attained. Previously entered variables were 
removed if they were no longer significant a  the same p < 
0.05 btd. Additional statistical nalyses ofthese prediction 
models are described in the Results ection. 
S Gents. Between August I, 1986 and May 31, 
~~% 241 consecutive patients underwent programmed ven- 
Q’iCdat stimulation for the purpose of ventricular rhythmia 
h&&m. For 21 I (88%) of these 241 patients, complete data 
on ail clinica! variables were available and these patients 
constitute Group 1 (Table I). The other 30 patients (12%) 
were excluded because of missing data: a left ventricular 
ejection fraction/aneurysm determination in XI (9%), a sig- 
nal-averaged ECG in 8 (3%) and both data ir 1 patient. 
Group 2 comprised 75 consecutive patients who under- 
went baseline programmed ventricular stimulation in an 
antiarrhythmic drug-free state for the purpose of ventricular 
tachycardia induction between June I, 1988 and January 31, 
1989. Complete clinical data for were obtained prospectively 
in all Group 2 patients (Table 1). 
Groups I and 2 differed s~~~~~~a~t~y in 3 of the 14 clinical 
study variabks. Or0up 2 had fewer patients with a history of 
sudden cardiac death and syneope ( .Sl), more patients 
with right bundle branch block (p 
left ventricular neurysm (p < 0.01). 
~rQg~~rnrn~~ v~~~t~~cw~~~ sti Its. A positive 
event at pragrammed ventricular stimulation was refiled as 
sustained monomorphic ventricular tachycardia n any pa- 
tient or ventricular fibrillation in a patient with a history of 
sudden cardiac death. the 21 I programmed ventricular 
stimulation studies in oup I, 67 (32Y0) were positive 
(including 5 in patients with ventricular fibrillation and a 
history of sudden cardiac death) and 144 (68%) were nega- 
tive (including 9 in patients with ventricular fibrillation but 
without a history of sudden cardiac death). 
Of the 75 patients in Group 2, 18 (24%) h 
event at programmed ventricular stimulation, (including 2
with ventricular fibrillation and a history of sudden cardiac 
death) and 57 (76%) had a negative vent (including 3with 
ventricular fibrillation hut without a history of sudden car- 
&X death), 
Group I: clinical variables and ram v~~t~ic~~a~ 
st~rnw~~~ion results. On univariate ysis the clinical 
variables ofthe patients with a positive result compared with 
those of patients with a negative result, there were signifi- 
cant differences in 10 of the 14 clinical variables (Table 2): 
major cardiac diagnosis, hi&r I\ y of ventricular tachycardia, 
myocardial infarction by history or ECG, all five signal- 
averaged ECG variables, left ventricular ejection fraction 
and presence ofleft ventricular aneurysm. 
None of the patients with mitral valve prolapse or without 
known heart disease had a positive study. Patients who had 
no history of sustained or nonsustained clinical ventricular 
tachycardia and those who had no historical or ECG evi- 
dence of myocardiai infarction had a low rate of tachyar- 
rhythmia inducibility. 
ultivasiate analysis. In the clinical evaluation of a pa- 
tient who presents with a SW cted or known ventricular 
t~~~yarl.hyt~rn~a, i~~rern~~t~~ ta are ~s~~~~~ ~~~t~~ i 
the foilowing order: history and conventional electrocardio- 
graphy, followed by a signal-averaged ECG and left ventric- 
ular wal! motion analysis. Thus, to simulate this order, a 
mu!tivariate analysis was performed intwo stages. First, the 
history and ECG data alone were evaluated and the resultant 
logistic prediction model was termed the routine mtrdel. The 
signal-averaged ECG and left ventricular wall motion data 
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Age (UP) 
Male 
ardiac diagaosis 
Other 
No structural disease 
istory of VT 
NOM 
NSVT 
Sustained VT 
istory of loss of consciousness 
None 
Syncope 
SC 
MI by history or ECG 
NOES 
Yes 
IVCD 
None 
LBBB 
Nonspecific 
Signal-averaged ECG variables 
QRS duration (ms) 
Ratio of hhetedxnfiltered 
Duration of QRS ~40 PV (ms) 
RMS voltage of last 40 ms @V) 
Visible LP 
Not present 
Present 
LVEF (%) 
Aneurxm 
Not present 
Present 
632 16 64 + 80 
96 (64%) 54 (36%) 
48 (79%) 13 (21)% 
76 (57%) 
9 (56%) 
21 (100%) 
11 (85%) 
27 ii WZJ; 
48 (92%) 
64 (76%) 
32 (43%) 
49 (76%) 
82 (73%) 
23 (53%) 
74 (87%) 
70 (55%) 
91 (73%) 
5 (42%) 
16 (64%) 
32 (64%) 
95 (75%) 
49 (fd%) 
48 :‘. 87 
100 (78%) 
44 (54%) 
58 (43%) 
7 (44%) 
0 
2 (15%) 
0 
4 (8%) 
20 (24%) 
43 (57%) 
17 (30%) 
30 (27%) 
20 (47%) 
10 (13%; 
57 (45%) 
33 (27%) 
-I (58%) 
9 (36%) 
IX (36%) 
135 + 34 
1.14 f 0.14 
J> f 19 
37 -’ 31 
31 (25%) 
36 (42%) 
351 13 
30 (22%) 
37 (46%) 
NS 
NS 
~0.0001 
NS 
NS 
p Values BO.05 were considered nonsignificant. PVS = programmed v ntricular stimulation. Other abbreviations 
as in Table 1. 
were then added to this model and the resultant model was 
termed the fulf model. 
Five independent variables were determined to be impor- 
tant for prediction of a positive result with programmed 
ventricular stimulation: with the routine model, history of 
ventricular tachycardia, historical or EGG evidence of myo- 
cardial infarction and history of loss of consciousness were 
titered 
ventric 
of the ftdl model. Equatrons 
probability of a positive result at programmed ventricular 
stimulation using either the routine or the full model (Ap- 
pendix 2). A probability value calculated from these equa- 
tions represents he likelihood of a positive programmed 
ventricular stimulation event given a set of the clinical 
variables shown to be important in the multivariate analysis. 
The probability of a positive vent was calculated for each 
patient with Beth the routine and the fBii model. The 
probability values for the Group 1 patients with a positive 
and a negative event are shown for the two models in F~~~r~ 
1. The calibration (48) of each of these models (decide of 
predicted event rate on the x axis versus the actual event 
rate on the y axis) is shown in Figure 2. There is no 
mated from the logistic probabilities as 
most of the discriminant information was in the routine 
model, containing only historic and conventional EGG var- 
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Flgun 1. The predicted probability values in Group I patients with 
a negative and positive programmed ventricular stimulation result 
for the routine and full models. Horizontal lines = mean values; 
Boxes = the interquartile range; bars = the 90% confidence intervals. 
iables, resulting in an receiver operating characteristic area 
of 80 ZL 2%. The addition of the signal-averaged ECG and left 
ventricular wall motion variables to the analysis increased 
the number of different outcome probabilities, asshown by 
the larger number of data points, but did not improve 
discriminant accuracy. The receiver operating characteristic 
area increased by only 1% to 81 2 1% (2 = 0.48, p = NS, 
one-tailed). Thus, the signal-averaged ECG and left ventric- 
ular wall motion analysis added only minimai information. 
Therefore, there is no evidence that the full model adds 
information of practical utility to that provided by the 
routine model using only historical nd ECG data. 
These prediction models were validated by prospective 
application to a new group of ‘75 patients (Group 2). The 
calibration curves for Group 2 are shown in Figure 4 and the 
receiver operating characteristic curves are shown in Figure 
5. The wider confidence intervals are due to the smaller 
number of patients analyzed in Group 2, but the calibration 
curves and receiver operating characteristic areas are essen- 
tially identical to those derived from Group 1. Again, there 
was no significant improvement i  discriminant accuracy by 
the addition of signal-averaged ECG and left ventricular wall 
motion variables. The routine model did ~ss~~t~al~y as well 
as the full model. 
Therefore, these results indicate that there is no compel- 
ling basis for concluding that the signal-averaged ECG and 
left ventricular wall motion analysis increase the power of a 
multivariable model based solely on historical and conven- 
tional ECG variabfes in predicting the outcome of pro- 
grammed ventricular stimulation, 
PREDlCTED EVENT RATE 
EV&lkX 3 alo=7892Q8os 
Paa;lents: 47 33 35 28 15 I7 29 14 0 0 
0 1 
PREDICTED EVENT RATE ____.____..__._ _ -_ -. _.__. 
Events: 1 5 4lOll 7t51i 3 e 
Palients: 60 36 18 2Q 2Q 17 19 14 7 0 
Figure 2. Calibration of the routine (top) and full ( 
for Group 1. Error bars represent 90% confidence intervals. ‘hbu- 
latti numbers are the raw data from which the graph is constructed. 
This study shows that in a heterogeneous group of 
patients underGoing programmed ventricular stimulation for 
ventricular tachyarrhythmia induction, routinely available 
noninvasive, historical, ECG, signal-averaged ECG and left 
ventricular wall motion clinical variables can be used to 
accurately predict outcome. When the data were analyzed 
stepwise in a simulated chronologic order, the vast majority 
of the predictive power was obtained with a model using 
only historical and conventional ECG data. The signal- 
averaged ECG and left ventricular wall motion analysis 
added no significant information. 
Multivariate independent predictors of a positive result. 
On multivariate analysis, three historical nd EC6 variables 
were independent pre toss of a positive 
gra lation using the routi 
two additional variables (with only marginal improvement) 
using the full model: history of ventricular tachycardia, 
history of loss of consciousness, historical or ECG evidence 
of myocardial infarction, left ventricular ejection fraction 
and filtered QRS duration on the signal-averaged ECG. 
A history of either nonsustained ventricular tachycardia 
or, more important, sustained ventricular tachycardia was 
Figwre 3, Receiver operating characterislic (RX! curve for the 
represents the mean and 9O% confidence interval for a particular 
probabilistic threshold. The full model has an increased number of 
outcome probabilities as shown by the larger number of data points, 
but this only minimally improved the discriminant accuracy. 
redictor. The utility of program 
stimulation isbest validat 
ventricular arrhythmias. 
(either syncope or, more important, sudden cardiac death) 
in other studies (9-17) t ct a~bythmia 
owever, although pr0g d ventricular 
onsidered essential in the management of 
survivors of sudden cardiac death, the sensitivity of the 
study is less relative to patients with clinical sustained 
ven&ular t.achycardia (53). Historical or ECG evidence of 
myocar,dial infarction was important because this variable 
dictates whether the key substrate for reentrant ver.tticu!ar 
arrhythmias, myocardial scar, is present. The utility of left 
ventricular ejection fraction as a predictor of a positive study 
is consistent with other reports (33,34) thaa have shown a 
es vent 
e laP t 
Although all five signal-averaged variables were 
useful on univariate analysis, the filter S duration was 
the most significant predictor of the signal-averaged KG
variables on multivariate analysis. However, on univariate 
analysis, the other quantitative variables were also highly 
significant. Patients with bundle branch block were not 
----__ __~_ 
Events: IO32362100 
Patients: 8157695300 
P 
EVENT RATE = 
Events: 
Patients: 
Calibration of the routine (to 
for Group 2. 
excluded frmn this st ey hnsualily are in analysis of 
the signal-averaged E 
for a heterogeneous group 
that will result in a prolonge 
abnormal signal-averaged EC 
quently with clinical or inducible ventricular fibrillation than 
with ventricular tacbycardia, even in survivors of sudden 
cardiac death (26,45). Thus, the inclusion of ventricular 
fib~~latio~ as a positive nd point in patients wi 
cardiac death may have diluted the importance oft 
WeiYiged EC@ variables inthe multivariate analysis. 
Vatterott et al. (54) recently reported that the ability of 
the signal-averaged ECG to predict vectricular tachycardia 
induction at programmed ventricular stimulation was greatly 
addition 7f clinic 
324 SIMONSON ET Al.. 
PATIENT SELECTION FOR PROGRAMMED VENTRICULAR STIMULATION 
Figure 5. Receiver operating characteristic (ROC) curve for the 
routine (top) and full (bottom) models for Group 2. 
positive result, the utility of programmed ventricular stimu- 
lation in these patients can be questioned. For example, 
none of the patients with mitral valve prolapse or no known 
heart disease had a positive study. Reports (I 1 B-59) con- 
Rrm the relatively benign course of ventricular rrhythmias 
in patients who have a structurally normal heart and studies 
by our group (28) have demonstrated the poor yield of 
programmed ventricular stimulation i patients with mitral 
valve prolapse. Additionally, patients with no history of 
clinical ventricular tachycardia, either sustained or nonsus- 
tained, and patients with no historical or ECG evidence of 
myocardial infarction had a low rate of tachyarrhythmia 
inducibility. 
~li~ic~~ ~p~ic~~ioms. This tudy has important clinical 
implications in the selection of patients for programmed 
ventricular stimulation. The potential ability to identify 
those patients with life-threatening spontaneous ventricular 
arrhythmias who will have inducible ventricular rhythmtas 
with programmed ventricular stimulation will enable better 
risk stratification and selection of vulnerable persons for 
electrophysiologically guided therapy. Additionally, avoid- 
ance of programmed ventricular stimulation i patients who 
have a very low probability ofa positive study may reduce 
the ciinical risk and expense in this subgroup. 
The model equation developed in this study allows the 
calculation ofan individual probability value for any patient. 
A clinician can then use personal judgment to determine the 
threshold probability value to decide whether a patient 
JACC Vol. 20, No. 2 
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Figure 6. Raw predictive accuracy, sensitivity and specificity of the 
routine model versus categoric threshold probability. A 
is drawn at a threshold value of 0.25 for illustrative pu 
text). 
should undergo programmed ventricular stimulation. lf this 
model were used as a screening test, oue ight want to 
maximize sensitivity and thereby minimiz 
false negative results. Figure 6 suggests 
probability cutpoint of 0.25 might be opti 
pose. Using a cutpoint of 0.25, predictive accuracy is 
sensitivity isg9% and specificity is52%. Using this thre 
in Group 2 would have reduced the number of ~rogramme 
ventricular stimulation studies by 41% (31 of ‘953 at tho cost 
of missing only 1 I% (2 of 19) positive studies. Thus, only 3% 
of the patients would have been mislabeled as havi 
negative result. 
Although this study evaluates the probability of r, Jcbitive 
result at programmed ventricular stimulation, it must be 
realized that a negative programmed ventrict& stimulation 
result may have prognostic and therapeutic value in many 
clinical situations. Potentially toxic antiarrhythmic drugs or 
other therapy may be avoided in patients with a negative 
study. For example, an excellent survival rate of patients 
who have ischemic heart disease and complex ventricular 
arrhythmia but no inducible ventricular tachycardia h s been 
demonstrated (19-21). Likewise, patients with sudden car- 
diac death in whom ventricular tachycardia is noninducible 
may have a better prognosis (9,16,17). However, these 
patients would most likely fall into categories that would 
have values > 0.15 and thus, depending on the threshold 
chosen, would probably still be (appropriately) studied by 
most. This model is not intended as a replacement for 
clinical judgment but as an aid to that judgment. 
Limitations. This study has several imitations. First, 
patients with clinical sustained ventricular tachycardia had a 
relatively low rate (57%) of tachyarrhythmia inducibility. 
The reported incidence of induction of sustained ventricular 
tachycardia n patients with clinical sustained ventricular 
tachycardia using the protocol described here is reported 
(l-4,60) to be 60% to 90%. The cause of this slight discrep 
ancy is uncertain. Second, the method used for assessment 
of the presence of clinical nonsustained ventricular tachy- 
verstricular stimulation 
in three). Therefore, our 
stimulation, historical. 
aid in the selection of patients for pragra 
I. Age 
?. Gender 
Milk 
Fernala 
3. Majur cardiac diagnosis 
Coronary artery disease 
Dihucd cardiomyopathy 
Mitral valve prolapse 
Other cardiac disease 
No structural heart disease 
4. HIstory of ventricular urchycBdia 
None 
Nonsustained ventricular ti\cfYcardu 
Sustained venlricuiar r4cbycardi~ 
5. History of losj of con$icPu!&\s 
None 
Syncope 
Sudden cardiac death 
6. Hirloricai or ECG evidence uf myu~rrdial inbrfrion 
Prf%nt 
Absent 
7. Inlnventricular conduction delay on Ibe ECG 
Right bundle branch block 
Lefi bundle branch block 
Nonspecific inrraventriculrr corrdu&n delay 
Normal QRS duration 
8. Fihered QKS durarion fmsl 
9, Fillered QRS:unfiPterzJ QRS r&o 
10. Duration of the terminal fihered QRS < 40 r.rV (ms) 
11. Root-mean-square voltage of the terminal 40 mr of the hhered QKS @V) 
I?. Presence of visible lerminal Date potenhals 
Present 
Absent 
13. Left venlricular ejeclion fraclion (%) 
14. Left venlricuPar aneurysm 
Present 
Absent 
I 
Probability = - 
Item' 
Wherefoor the rouiiiie model. c = -3.42 t 1.10 X 1 I 2.34 x2 -I- 0.23 
x4 -I. 1.28 x5. 
full model, < = -3.34 - 0.02 left ventricular eJection 
fraction) + 0.98 xl t 2.12 x2 + 0.010 tered QRS duration) t 
0.43 X3 i- 1.02 x4 t 0.84 x5. 
For bolh models, 
X] = I if HX of NSVT. otherwise = 0. 
x:! =.. I if Fix of Sustained VT, otherwise = 0. 
x of Syncope, otherwise = 0, 
x of SCD. otherwise = 0. 
i\S = I if Ml by Wx or ECG is yes, otherwise = 0 (left ventricular 
1% 1 and filtered QRS duration [ms]). 
Hx = history. other abbreviations as in Table I. 
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